Introduction
Non-leptonic weak decays of B mesons are very interesting for several reasons. First, CP violation in the B-meson system will eventually give us information about the CP violating phase in the Cabibbo -Kobayashi -Maskawa (CKM) mixing matrix [1] . Second, non-leptonic weak decays will give additional clues for determining the absolute values of the quark mixing parameters, in particular the ratio |V ub /V cb |, although it is expected that more solid information will come from semi-leptonic B decays. Last, the dynamics of the non-leptonic weak decays in the framework of the standard model is only poorly understood. One of the problems in calculating the transition amplitudes for non-leptonic weak decays is that one needs to evaluate the hadronic matrix elements of certain four-quark operators which can be done in QCD only with non-perturbative methods. The usual route to calculating these hadronic matrix elements is to start from the effective, QCD corrected, Hamiltonian for the ∆b = 1 non-leptonic decays in the six-quark model, i.e. including the t quark [2, 3, 4] . This gives the weak Hamiltonian in terms of four-quark operators. For computing the hadronic matrix elements of these four-quark operators the factorization approximation is used [5, 6, 7] . Then the hadronic matrix elements are given in terms of current matrix elements (matrix elements of two-quark operators) as they appear also in semi-leptonic decays. These current matrix elements are much easier to calculate and many models [8, 9, 10] have been proposed for them. When these current matrix elements are approximated by a single pole based on the idea of vector dominance we arrive at the pole-dominance model of two-body non-leptonic decays. This model has been applied to the calculation of non-leptonic decays of charmed mesons [11] . Many years ago, this model was used already for the discussion of strange particle decays. In particular, it is known, that this model provides a basis for a description of K → 2π decays [12] .
In this work we apply the pole-dominance model to two-body non-leptonic B decays and show its strong relationship to the usual factorization model [7, 13] . Therefore this latter model will be our starting point where we also use as input the parameters of the current matrix elements as given in [7] . This allows us to extract various strong coupling constants between B mesons, their vector and axial-vector counterparts, and light and charmed mesons.
These coupling constants and also the form factors of the current matrix elements will be compared with other information coming from QCD sum rule and QCD lattice calculations.
For simplicity, we consider only the lowest lying poles. The inclusions of higher lying poles would make the extraction of the strong coupling constants impossible.
The outline is as follows: In section 2, we explain the relationship of the usual approach with the pole-dominance model using as example a collection of B decays into two pseudoscalar-mesons (B → P P ). We calculate the two-body branching ratios in parallel for the usual approach and two versions of the pole-dominance framework. In one version we calculate the residues of the poles on the mass shell of the intermediate state. This reproduces the usual approach. The other version follows essentially the work of Bedaque et al. [11] for D decays where a particular off-shell extrapolation has been adopted. These results are compared to experimental data when they are available. In section 3, we proceed to the more complicated B → V P and B → V V channels, where V are light or charmed vector mesons. Section 4 is reserved for a summary and some conclusions.
B decays into two pseudoscalar mesons
To start, we choose as an example for the decays B → P P , the channelB 0 → π + π − . The relevant effective weak Hamiltonian can be parameterized as
where the C i (i=1,2) are the short-distance Wilson coefficients defined at a scale µ of the order of the heavy quark mass m b and the O i are the local quark operators with the appropriate quantum numbers. For simplicity we have neglected the strong and electroweak penguins.
The electroweak penguins are found to give small contributions to the modeB 0 → π + π − .
The strong penguins could be included easily [14] .
The explicit expressions of the operators O 1 and O 2 are:
where α, β are colour indices and L = 1 2
(1 − γ 5 ). For the Wilson coefficients at the scale µ = m b = 4.8GeV we use the values [14] :
These coefficients are regularization scheme independent at next-to-leading logarithmic precision as obtained by Buras et al. [15] for Λ
With the factorization hypothesis and after Fierz reordering we obtain from (1) and (2)
where N is the number of colours.
The current matrix elements in (4) are evaluated in terms of form factors F 1 and F 0 for the decayB 0 → π + l −ν l and the pion decay constant f π = 0.132GeV as follows:
where q = p B − p π . With these definitions we get the following result for (4):
In (5) F 1 (F 0 ) are the form factors of 1 − (0 + ) (transverse (longitudinal)) projections of the vector current. At q 2 = 0, we have F 0 (0) = F 1 (0) to cancel the pole at q 2 = 0 in (5). But F 1 and F 0 differ for arbitrary q 2 . In (7) we need F is dominated by just this 1 − resonance with mass m B * we have
In (8) the current coupling f B * is defined by the vector current matrix element
and the strong coupling is defined through the Lagrangian
Similarly we define the current matrix element of the scalar resonance state B − 0 :
and the coupling of B
g B 0 Bπ is dimensionless. With these definitions the form factor F B→π 0 (q 2 ) is given in the scalar-meson-dominance model by the formula
With (13) the weak transition matrix element (7) can be written as
Here g B 0 Bπ and f B 0 are on-shell couplings to the scalar resonance B 0 which is on the mass shell. This means that the off-shell extrapolation factor of the current matrix element is given by just a single pole in (13) .
The result (14) for the transition amplitudeB 0 → π + π − can be obtained more directly from the pole diagram in Fig.1a . In this diagram, the initialB 0 can go into a B * − π + or 
In ( 
The result (16) agrees with (14) as to be expected. To achieve this, two ingredients were essential. First, the coupling B 0 → Bπ in (12) has such a form that it vanishes for m 
π . This is in the spirit of the meson-dominance approximation and agrees with the result (13) 
The difference between (16) and (17) is small since F . Since a large extrapolation from
π is involved, one must be careful in the calculation of the numerator. From (13) we have
and a similar equation for g B * Bπ following from (8) . (0), where we need in addition the current coupling f B * . Since the experimental branching ratio ofB 0 → π + π − is not very well known yet (see Table 5 ) we must rely on F Our result for the weak transition matrix elements has the factor a 2 = C 2 + C 1 /N, which should be evaluated with N=3. In the following we shall evaluate them with N=2 giving a 2 = 0.988 using (3). a 2 depends on N only mildly, since |C 1 | < C 2 , so that choosing N=3
would give similar results for all colour unsuppressed decays, for which the transition matrix elements are proportional to a 2 . In the following we shall denote this class of decays by class I.
The class II stands for the colour suppressed decays which have matrix elements proportional to a 1 = C 1 + C 2 /N, which depends strongly on N. The third class is a superposition of class I and class II matrix elements. Recent comparisons of experimental data for many two-body B decays show that on the basis of the factorization hypothesis and BSW matrix elements from [13] a reasonable fit to these data gives N ≃ 2 [16] . N=3 would produce very bad results for the measured class II decays and the class III decays can be fitted only with a positive a 1 . For example, for N=2, 3 or ∞ we have the following values for a 1 using (3): a 1 = 0.251, 0.059, −0.324. The choice N = ∞ is favored in D decays [7] . The fact, that the choice N=3 is not possible points into the direction that so-called non-factorization contributions are significant, in particular in the class II and class III transitions. Of course, it is not certain, that these contributions can universally accounted for by choosing N=2. It is more likely that these contributions depend on the particular decay channel. For fits and constraints on the non-factorization terms in various channels see [17] . We also emphasize that the result N ≃ 2 from the fit in [16] depends on the BSW [13] choice of transition form factors and current coupling constants. We shall assume N = 2 independent in which pole model the weak matrix elements are evaluated. This can be justified empirically since the magnitude and also the sign of a 1 is deduced from such final states, where the two pole models coincide, as will be seen later in our presentation for the PV and VV results. If one gives up the requirement that the C i should be independent of the regularization scheme one can find short distance coefficients C 1 and C 2 in next-to-leading logarithmic precision which give a 1 = 0.2 with N=3 by selecting the appropriate scheme [18] .
Other class I decays going into two pseudoscalar mesons areB In the pole model according to ref. [11] , the transition matrix element corresponding to the diagram in Fig.2b is
With (8) this can be written as
Compared to the dominant pole contribution, which is given by the analogous equation to (14) , the annihilation contribution is suppressed by the factor
which is approximately 0.03. resonance. This is already obvious when one evaluates the weak transition matrix element in the vacuum saturation approximation The first current matrix element in (21) (q 2 ) we obtain the usual result:
This means that the annihilation contribution is suppressed further by the additional factor
, which results from the fact that in (22) the current transition form factor is highly off-shell at q 2 = m Such an annihilation contribution is in principle also possible forB
vanishes since the particles in the final state have equal masses.
We conclude that the pole-model calculation of the non-annihilation diagrams as depicted in Fig.1a agrees with the usual calculations of the B → P P decays where the form factors are approximated by a single pole (compare (14) with (16) ). If a different off-shell extrapolation as advocated in ref. [11] is assumed we obtain the result (17) which differs actually very little
π has only a small effect. Of course, this is different for decays likeB
for which the form factor
(0) to be inserted into (17) .
are class III decays, where contributions of colour suppressed and unsuppressed matrix elements interfere.
To obtain an overview on expected branching ratios for all these decays we shall present results in two schemes: (i) the pole-model calculation in the form (14) which is equal to the usual quark diagram computation in terms of form factors F 0 (0); (ii) the pole model result (17) where the pole canceled and the result depends on F 1 (0). In scheme (i) the annihilation contribution which occurs in some channels is negligible, either due to strong suppression in the quark diagram result (22) (f V ) decay constants. The masses are taken from the PDG tables [19] or from the table in [7] . The decay constants f M and f V for pseudoscalar and vector mesons, respectively are taken from the following sources. f π , f K , f ρ and f K * are taken from [7] . f Ds = 288MeV
corresponds to the CLEO measurement [20] of the leptonic decay of the D − s . We assume [23] .
The ratio of f 2 ηc /f 2 J/ψ = 1.06 is found in [24] and f J/ψ is determined from the leptonic width of the J/ψ as in [7] . Of course, most of these values for the decay constants are not definite yet and somewhat other choices can be made. This information is collected in Table 1 (masses) and Table 2 (decay constants). The form factors F 1 (0) = F 0 (0) are written down in Table 3 , also taken from [7] . The CKM matrix elements are given in Table 4 , together with the B 0 and B − lifetime data [19] . Our results for the branching ratios in the pole model and the BSW model are collected in Table 5 . In this table we also give the amplitudes for the BSW and for the pole model which show in particular the contributions proportional to a 1 and a 2 for the class III decays. For some of the channels the branching ratios have been measured.
The world-average values are reported in [16] . For other channels some new measurements and upper limits exist [25] . These data are given in the last column of Table 5 .
From the results in Table 5 , we observe the following. Pole model and BSW results lie Table 3 : Form factors at zero momentum transfer [7] .
Decay For the results in Table 5 we needed the values of three form factors F taken from Table 3 . Since only for four channels, namely Table 6 for F B→π 1
(0) and in Table 7 for F Table 6 we are confident that F B→π 1 (0) ≃ 0.3 is a reasonable value which agrees also with the recent measurement of the branching ratio for
is deduced from the measured branching ratio, using |V ub | = 0.0035 from Table 4 and the pole masses from Table 1 . This value depends on the way the q 2 dependence of the form factor is parameterized. We assumed for consistency the approximation with one pole. Results with other form factor assumptions can be found, for example, in [26] .
The situation is similar for the form factor F B→D 1 (0). The results obtained from quark models agree quite well and agree nicely with the value calculated from the measured branch- [19] . Of course, the experimental value f HQET with monopole form factor and ξ(1) = 0.91 [40] .
in the HQET depend on the assumed q 2 variation of F B→D 1
. The results in Table 7 Table 7 . We conclude that the BSW value is a good average.
We are now in the position to calculate g B * Bπ , g B * s BK and g B * c BD from (18) . To be definite we use the BSW values of the corresponding form factors from Table 3 together with the decay constants from Table 2 . We obtain for the strong VPP coupling constants g B * Bπ = 11.1, g B * s BK = 11.7, and g B * c BD = 13.7. Surprisingly, these three couplings lie close together, so that the spread of the form factors F [41] . Results for g B * Bπ based on QCD sum rule calculations or on the quark model with chiral HQET are collected in [22] . Our result g B * Bπ = 11.1 can be compared with various QCD sum rule calculations. The calculations use different approaches. They are either based on expansions near the light-cone or use the short-distance expansion in connection with the soft pion limit. Results obtained with the first method are g B * Bπ = 14 ± 3 [22] , g B * Bπ = 10 ± 2 [42] , g B * Bπ = 10.4 ± 2.0 [43] , and g B * Bπ = 7 ± 2 [44] . The second method has given the following results: g B * Bπ = 14.5 ± 1.5 [22] and g B * Bπ = 11.2 ± 2.0 [45] . These results depend on the values obtained for f B and f B * , which are also taken from QCD sum rule calculations. In [42, 43, 45] these constants are f B = (150±20)MeV and f B * = (190±10)MeV. This explains, for example, the different results in [22] and [45] with the light-cone sum rule. In the original result for f B f B * g B * Bπ , as it follows from the sum rule, the two evaluations gave the same result, namely f B f B * g B * Bπ = 7.9 × 10 
i.e. g B 0 Bπ ≃ g B * Bπ . Inserting masses and assuming f B 0 = f B , we obtain g B 0 Bπ = 13.7. This result can be compared with a recent QCD sum rule calculation of this coupling constant [46] . Adjusting their result to f B = f B 0 = 0.14GeV and to our definition of the B 0 Bπ coupling in (12) the result in [46] is g B 0 Bπ = 4.5 and g B 0 Bπ = 6.3 depending on the QCD sum rule method used. These values are more than a factor of two smaller than our result. also not clear to us whether this has any effect on the sum rule evaluation.
We conclude that the coupling constant g B * Bπ obtained from non-leptonic decay data is in reasonable agreement with QCD sum rule results. The coupling constants g B * s BK and g B * c BD have rather similar values to g B * Bπ . It would be interesting to know whether these relations can be explained in the framework of QCD sum rule calculations.
B decays into pseudoscalar and vector and two vector mesons
First, we consider decays of B mesons into one vector and one pseudoscalar meson: B → V P . The result of the pole model evaluation is
As examples we chooseB
which can be written as
using the vector-dominance relation (8) 
where q = p B − p ρ = p π and ǫ * is the polarization vector of the ρ + . To cancel the poles at q 2 = 0, we must have
With (26) we obtain for the weak transition matrix element the usual result:
The form factor A B→ρ 0
can be approximated by a single pole with spin 0 − . Analogously to (8) and (13) this meson-dominance approximation yields
The intermediate state is the well known B − particle with mass m B . When we evaluate the pole-model diagram in Fig.3b with an intermediate 0 − particle directly we obtain the same result, namely
For the calculation with a 1 + resonance B 1 as intermediate state in Fig.3b , following ref. [11] , we need the coupling between the ρ, the B and this resonance. This coupling has the following form
which leads to the following matrix element for the transitionB
With these definitions for the two couplings proportional to g s (s-wave transition) and g d (d-wave transition) the weak transition matrix element becomes
In analogy to (29) we relate the strong couplings in (33) to the transition from factors A 1 (0) and A 2 (0) appearing in the current matrix elements of the axial-vector current as defined in (26):
Then (33) can be written in terms of A 1 and A 2 or A 0 :
In (33) These form factors, which must be evaluated at q 2 = m 2 B , are suppressed. Therefore we shall neglect the annihilation contributions as we have done also for theB
Only when we follow ref. [11] , where the pole term is canceled by the same factor in the numerator, we arrive at a somewhat larger result which can be expressed again by A 
To derive this result we used the strong coupling Lagrangian for the coupling of the 1 The class II decays with amplitudes proportional to a 2 are calculated in the same way.
The amplitudes are either proportional to F 1 or to A 0 . The decaysB 
The class III decays with amplitudes coming from both operators O 1 and O 2 are the fol-
The channels of class III with b → u transitions are B − → ρ 0 π − and ρ − π 0 .
We have calculated all these decays again in the two versions, (i) pole model without canceling of the pole of the intermediate state, which gives the same results as the usual BSW calculation and (ii) pole-model in the form as introduced in ref. [11] . This model has a larger annihilation contribution and in the direct contribution, where the 0 − intermediate state is replaced by the 1 + state, the form factor is evaluated at q 2 = 0 instead of
D as it appears in version (i). The results for the class I decays are collected in Table 8 and for the class II and class III decays in Table 9 . In these two tables, the amplitudes are defined without the factor of (ǫ · p π ) in (30) . In Table 8 , four of the decay channels can be compared to experimental data. In all four channels the agreement is rather good. Unfortunately the experimental This statement is again independent of the form of pole model applied in the calculation.
Concerning matrix elements these two decays depend on F give identical results which are the same as in the quark diagram approach. So, we need not write down all the formulas. We do this only for one channelB 0 → ρ + ρ − to fix our notation.
The axial part of the current matrix element was already written in (26) . In addition we need also the matrix element of the vector current which we write as usual
With this, (9) and (26) we obtain for the weak transition matrix element
So, the transition matrix element is a linear combination of the form factor A 1 , A 2 and V which determine the transition in the s, d and p waves respectively [47] . We have calculated the branching ratios for various decays using the form factor values given in Table 3 together with the decay constants in Table 2 and the pole masses from Table 1 . The results are given in Table 10 and are compared to the experimental branching ratios (last column in Table 10 ). The decay channels in Table 10 ratios. This could be changed by adjusting the B → K * form factor by a small amount or may be a sign of the breakdown of the factorization assumption for class II decays [17] .
In Table 10 we have collected also the amplitudes proportional to the form factors V B→ρ ,
. The numbers in the first, second and third column of Table 10 are defined in such a way that the polarization dependent factors
in the term proportional to V in (38) , [ǫ (38) and [(ǫ
in the term proportional to A 2 in (37) are not included. Except for these factors the amplitudes are of the same order of magnitude as to be expected from the values of the form factors in Table 3 . The results in Table 8, 9 and 10 depend on the parameters A can be calculated with the help of (27) from A 1 and A 2 , respectively, given in Table 11 and   Table 12 .
It is clear that the good agreement of the calculated partial decay rates with the experimental data in the case of the B → P V and B → V V decays serves only as a consistency check of the form factors A 1 , A 2 and V for B → ρ and B → D * . In order to obtain complete information on these form factors many more measurements are needed than just the branching ratios. Additional information can come from decay angular distributions of subsequent decays of the vector mesons. This has been studied in previous work [47, 53] and compared to experimental data in [16] . We are now in the position to calculate other strong coupling constants of the B mesons, which enter into the pole-model formulation of non-leptonic weak decays, on the basis of the information following from the form factors A 1 , A 2 and V for B → ρ, B → K * and B → D * .
As a reference we employ the BSW results for these form factors as given in Table 3 . It is clear that the calculation can be repeated for any other choice as collected in Table 11 and 12. Let us start with g BBρ . This follows from (29) with the result g BBρ = 1.54. In the same way we obtain g BBsK * = 1.81 and g BBcD * = 3.48. We observe a large splitting of the coupling between two pseudoscalar B mesons (BB, BB s , BB c ) and the vector mesons ρ, K * and D * , respectively. This is mainly due to the mass factor of the vector meson in (29) .
The other coupling constants which follow from A 1 (0) and A 2 (0) with the relations (34) 
The result of the coupling of the axial vector mesons is: We observe that all coupling constants have similar values, of the order of 10. The splitting of the couplings to Bρ, BK * and BD * is somewhat larger than obtained for the corresponding VPP couplings to Bπ, BK and BD in section 2. The coupling constant g(BB * ρ) can be compared with a QCD sum rule computation of this coupling [54] . Using the values for f B and f B * as in our Table 2 these authors obtain g(BB * ρ) ≃ 12 in reasonable agreement with our values above.
Summary and Conclusions
We have calculated the branching ratios for the decays of neutral and charged B mesons into PP, PV and VV mesons using two versions of pole-dominance model in addition with a factorization assumption. The first pole model gives the same result as the extensively studied factorization model [7] in terms of current matrix elements, if these current matrix elements are approximated by single poles. The second pole model due to Bedaque et al. [11] employs a different off-mass-shell extrapolation of the residues of the single-pole dominance approximation which leads, besides other differences, to an enhancement of the annihilation * to the Bρ, BK * and BD * system. It would be interesting to know whether the relations for the strong coupling constants found in this work could be obtained from QCD sum rule or lattice calculations.
